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IntroductIon
In France, Colorectal Cancer (CRC) meets all the conditions for the current organized fecal occult blood test (FOBT) screening program to be sustainable [1] [2] [3] . It is common with more than 42,000 new cases a year. It is serious by its mortality, about 18,000 deaths per year in France. When diagnosed at early stage, CRC can be cured in 9 cases out of 10. CRC could be prevented by the detection and treatment of precancerous lesions [1] [2] [3] .
CRC Screening Program (CRCSP) allowed control of CRC incidence by the diagnosis and resection of pre-cancerous lesions [4, 5] . In addition, the search for occult bleeding by a guaiac test performed every 2 years reduces the mortality by CRC, provided that the participation of the population is at least 50% [2, 3] . This decrease in mortality is increased about by 1/3 in regular screening participants [2, 3, 6, 7] .
In USA, to perpetuate this positive impact of screening, more than 300 healthcare organizations have committed to having 80% of adults aged 50 years and older regularly screened for colorectal cancer by 2018 [8, 9] . Within the European Union, the minimum target was set at 45% [10] . In France, despite the success of the program implementation, the participation rate which was very attractive in the pilot campaigns [11] [12] [13] , rarely exceeds 30% in most districts. The distrust of some general practitioners not supporting the guaiac Fecal Occult Blood test (gFOBT) with low sensitivity/specificity and standard cut-off (300-600 µg/g stool material) [14, 15] and the reluctance of patients for a test requiring three successive sampling were often mentioned as obstacles to this participation [16] . To estimate the change in the participation rate and the change in neoplasia incidence before and after the change of the Fecal Occult Blood Test (FOBT) in the cohort included in the Colorectal Cancer Screening Program (CRCSP).
MethOds:
Cohort of 279,210 people, aged 50-74 years, invited at least once before 2009, to participate in a CRCSP campaign. The participation rate and the cumulative neoplasia incidence were described on 4 campaigns (≤2008, 2009-2010, 2011-2012 and 2013-2014 ) with a Guaiac FOBT (gFOBT) and a first campaign (2015-2016) with a Fecal Immunochemical Test (FIT). The cumulative incidence was estimated by the actuarial method and its confidence interval by the Greenwood method. [17, 18] . The positivity threshold of this FIT, requiring only one stool sample, was set at 150 ng hemoglobin/ml (Institut National du Cancer, www.e-cancer.fr). The Negative and Positive Predictive Value (PPV) of FIT were described in cohorts after a first, second, or event third campaign, but these FIT features are not described in large populations who have participated in several gFOBT screening campaigns. The aim of this study was to describe the dynamics of invitation and results in a cohort, in order to estimate the gain in terms of participation rate and detected neoplasia incidence induced by the introduction of the FIT after 4 gFOBT-campaigns.
Methodology

Studied population
The study focused on the prospective follow-up of a cohort of 279,210 people aged between 50 and 74 years. The cohort included people residing in the district of Seine-Saint-Denis (District-93) having been invited at least once to perform a screening test before 1 January 2009 (Year of generalization of CRCSP). District-93 is a French Department located in the north-east of Paris agglomeration. It has 236 km² and nearly 1.6 million inhabitants of whom nearly 29% would be <20 years old. It may be characterized by a high level of unemployment (18.5% in 2013), a lower educational level than its neighbor departments, and a slightly lower GPD per capita than the French average GPD [19] . The district-93 does not benefit from an adequate supply of healthcare services, especially regarding liberal medicine (National council of the order of the doctor), probably because of some degree of deprivation. The dynamics of follow-up as well as the incidence of neoplasia (adenomas and cancer) were described on the initial campaign (2008) and on the four successive campaigns before (2009-2010, 2011-2012, 2013-2014) and after the change of the screening test i.e. switch from gFOBT to FIT (2015 FIT ( -2016 .
Follow-up of the cohort
In District-93, the local cancer screening managing center (CDC-93) organizes CRCSP campaigns according to the modalities in accordance with the national specifications of the CRCSP [11, 20] . Anyone who tested negative was re-invited two years after the result. Anyone who tested positive was re-invited five years after a negative colonoscopy and excluded from the CRCSP after a positive colonoscopy (adenoma, cancer). Definitive exclusion was decided if people or GPs reported in a mailing response, a diagnosis justifying an exclusion (CRC, Polyp, Crohn's Disease, Familial Adenomatous Polyposis) or family history of CRC (1st degree before 65 years or 2 1st degree parents at any age) or any medical condition justifying definitive exclusion. Similarly, those who died and those who moved out of the district, were permanently excluded from the district's CRCSP. Temporary exclusion was decided in all cases where the postal response evoked a colonoscopy (performed in the last five years) or a colonography (performed in the last two years) without neoplasia.
Data collection, campaigns dynamics, and studied factors
The data for the 5 screening campaigns were extracted from the CDC-93's database. This database is regularly enriched by sociodemographic data, diagnosis (colonoscopy, histopathology) and follow-up data provided by partners (Health Insurance Plans, Medical Information Services, Gastroenterologists, Surgeons, GPs…).
For the analysis of the dynamics over 5 campaigns, the follow-up end date was fixed at 31 December 2016. The end of follow-up criterion was the screening of neoplasia, including Low-Risk-Polyps, High-Risk-Polyps and CRC. The diagnoses associated with CRC and polyps are those related to the C18-C20 and D12 codes of the 10th version of the WHO International Classification of Diseases (ICD10) [21] . CRC histopathology were coded according to the TNM classification [22] . CRC included Carcinoma/tumor in situ (TIS) [22, 23] . High-Risk-Polyps included adenomas ≥10 mm, adenomas with high grade dysplasia, Villous or Tubulo-villous adenomas and Serrated adenomas.
Follow-up was censored at the date of the event (if known) or at the date of announcement to the CDC-93, for persons definitively excluded for medical reasons, for those who died and for those who moved out of the district. Similarly, persons who have reached the age of 74 years old before the end-date were censored on the date of the last participation (if participant) or on the date corresponding to the end of the campaign in which they reached that age (if not participant). For any other person, considered unscathed in this analysis, especially lost to follow-up, having participated or not in a campaign and having never sent a mailing response, the follow-up was censored on the end date.
Participation was defined by performing a fecal occult blood test according to CRCSP specifications [11, 20] . However, at the end of each campaign, we have estimated people "up-to-date" with screening, anyone who has been screened or who has completed an exam that justifies a temporary or permanent exclusion from the CRCSP. The studied factors were gender, age (50-54, 55-59, 
Statistical analysis
The participation rate during a given campaign was the proportion of people who underwent a screening test among those invited to do so. For each campaign, NLAI-persons, those who refused, the excluded (temporary and definitive) were excluded from the denominator. This rate was described and compared between groups by a Pearson Χ 2 test. In the same group, the difference in proportion between two campaigns was tested by Mac Nemar's Chi-2. The test's PPV was estimated by the proportion of cases with neoplasia in people who had a colonoscopy after a positive test. The cumulative incidence of Low-Risk-Polyps, HighRisk-Polyps and CRC were estimated using the actuarial method (life table) and their confidence intervals using the Greenwood method. Subjects contribute to the calculation of person-times since their inclusion in the cohort, until the date of occurrence of the event or until the follow-up end date or censorship date. The incidences were described by campaign and then compared between groups (gender, age, Health insurance plans, SMTK) by the log-rank test. All analyzes were carried out with STATA-13 software (College Station, Texas, USA) and p < 0.05 was considered for statistical significance.
reSultS
Campaigns monitoring and participation
The cohort size decreased from 279,210 (48.9% women) in the first campaign(C-1) to 146,263 people in the fifth campaign (C-5), due to definitive medical exclusions (12856 cases from C-1 to C-5), moved out (3930 notifications from C-1 to C-5), deaths (1066 notifications from C-1 to C-5), last solicitations because of age (46373 cases from C-1 to C-4) and lost to follow-up (57,204 cases from C-1 to C-4) (Fig. 1) . Whatever the sociodemographic characteristic (age, sex…), these people lost to follow-up were not statistically different (data not shown) from the others in the cohort.
With an average of 4 invitations (3.7 ± 1.5) per person, 40.7% of the cohort participated in at least one campaign but only 2.9% participated in all campaigns. The participation rate was 32.7% in C-1 and 28.4% in C-5, the decline observed was significant (p < 0.001). Similarly, its increase between C-4 and C-5 was significant (p < 0.001). 11.5% (4322 people) of the participants in FIT-campaign had not been screened in the previous 4 campaigns. Compared to the others, people aged 65-69 had a higher participation rate (36.8%) in C-1 (p < 0000). Regardless of the campaign (C-2 to C-5), people who moved to another town before a campaign had a lower participation rate (p < 0000) ( Table 1) .
Overall, 25,770 people were NLAI at least once during the studied period, among them, 1735 (6.7%) remained NLAI in all the campaigns. 3.2% (8878/279,210) of invitations in C-1 resulted in a NLAI. 6357 of these NLAI in C-1 received a new invitation in a subsequent campaign. The proportion of refusal decreased significantly from 11.9‰ in C-1 to 9.4 ‰ in C-4 and then to 4.2‰ in C-5. Re-inviting NLAI/Refusal accounted for 4.6% (9575 cases) of invitations in C-2. However, 2187 NLAI in C-1 who were under 74 years of age at the study end date, were never re-invited. After their refusal in C-1, 3226 out of 3327 people were re-invited at least once in the CRCSP (Fig. 1) . Only 4.8% of these 3226 cases performed at least one screening test during a campaign subsequent to this refusal in C-1. This participation rate in a subsequent campaign after refusal was 3.1% after C-2, 2.2% after C-3 and 15% after C-4.
A total of 30,036 temporary medical exclusions were motivated by colonoscopy performed before the invitation to the campaign. Proportion of colonoscopy accounted was 80.8% in C-1 (13,414 of the 16,601 temporary medical exclusions), 69.5% in C-2, 72.4% in C-3, 79.2% in C4 and 75.7% in C-5. The proportion of the cohort who would be considered to be up-to-date with screening was 36.9% after C1, 31.3% after C2, 32.1% after C-3, 25.8% after C-4, and 28.7% after C-5. 1.6% (2703/16601) of temporary exclusions in C-1 were not re-invited at the end of a theoretical delay (2.1 ± 1.7 years) of temporary exclusion (Fig. 1) .
Incidence and characteristics of lesions
8561 persons had an event justifying a definitive exclusion, prior to the initial invitation date in the CRCSP. From the 270,649 people at risk, 1875 case of Low-Risk-Polyps, 965 case of High-RiskPolyps and 441 case of CRC were screened. The PPV averaged 0.56 for the 4 gFOBT-campaigns and increased by 10 points after the introduction of FIT ( Table 2 ). This FIT-campaign detected 25.5% of the 1875 Low-Risk-Polyps detected in the cohort, 35.4% of the 965 High-Risk-Polyps and 23.6% of the 441 CRCs ( Table 3) . Between C4 and C-5, the proportion of tubulo-villous adenomas and TIS increased by 8.2 and 51% respectively ( Table 4) .
Overall, the cumulative incidence of neoplasia was estimated at 1.8/1000 p-a [1.8-1.9] for an average duration of follow-up of 8.4 ± 2.0 years (minimum: 0 years and maximum: 13.9 years). In the restricted cohort to the 40.7% of people who performed at least 1 screening test, this overall incidence was 4.1/1000 p-a [3.9-4.2] ( Table 5) . Mean age (years) at neoplasia diagnosis was 64.1 ± 6.2 (low-risk-polyps: 63.6 ± 6.3; high-risk-polyps: 64.4 ± 6.0; CRC: 65.3 ± 6.1) and 72.9% of the CRC were detected before the age of 65 years ( Table 5) .
dIScuSSIon
This study presented long-term follow-up of the cohort included in the CRCSP program in the district of Seine-Saint-Denis. This study distinguishes itself by the socio-demographic originality of the study population, initially naïve for CRC screening, and the long period of follow-up with transition between gFOBT and FIT. These results should be discussed at a time when controversy over the benefits of screening seems to be gaining ground. Indeed, 
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The American Journal of GastroenteroloGy Welch and Robertson, evoking a still limited adherence to screening, do not intend to explain the decline in CRC deaths by screening [5] . However, in the US, it was determined that Increasing CRC screening rates to 80% would reduce CRC incidence rates by 17% and mortality rates by 19% during short-term follow-up [9] . Here the impact of the CRCSP is evaluated not only in terms of the incidence of lesions detected but especially in terms of the impact of the change of screening test on this incidence. The incidence of detected CRC in this study remains below those reported at the national level [11] . The fall in incidence from one campaign to another, observed before the change of the screening test, has already been mentioned in another European study [24] . Similarly, compared with gFOBT, the performance of FIT in the detection of precancerous/cancerous lesions has been widely documented [25] . This study is distinguished by the fact that it allows to see in the same cohort this decline in incidences over time and the sudden increase attributable to the performance of the new screening test.
The high incidence of High-Risk-Polyps observed, converges with the high rate of detection of advanced adenomas (4.2/1000) that emerged from the first evaluation between 2008 and 2009 in the district [11] . The prevalence of tubulo-villous adenomas remained constant despite the change of the screening test. In contrast, the decline initiated by the proportion of TIS over the last three gFOBT-campaigns, was interrupted by the change of the screening test. This is consistent with the literature on FIT performance in the early detection of precancerous lesions and noninvasive cancers [26] . The incidence of CRC increases significantly with age [1, 27] . Between 40 and 80 years of age, the incidence doubles almost every 10 years [28] . In terms of campaign participation, the need of additional means and strategies seems obvious. Indeed, in addition to being below the national average, the participation rate observed from the first to the last campaign in this cohort remains well below the minimum acceptable 45% European target [10] . It must be admitted that since the generalization of CRCSP, the national participation rate has never exceeded 35% [11] . For some, in addition to socio-demographic characteristics, the communication breakdown between doctor and patient is a contributing factor to the low participation rate and its gradual decline [29] . For others, the test itself may have been a limiting factor since gFOBT identified only 50% of CRCs and one third of adenomas [14] . In addition, the need to collect several stool samples induced patient-side reluctance [14, 16] . These findings are consistent with this study which shows a decrease in the proportion of refusals and a rebound in the participation rate after the change of the text despite stopping the mailing of the test kit. This study could motivate general practitioners, previously reluctant, to offer the new screening test to their patients.
To support participation observed after the test change, promotional actions already in progress and aimed to make a real change in behavior towards health prevention programs should be perpetuated. Indeed, as other secondary prevention programs (for example vaccination), participation in CRCSP remains highly dependent on socio-cultural factors. In the USA, the literature is eloquent on the link between the racial and/or ethnic group and participation in a screening campaign [30, 31] . Racial/ethnic disparities in CRC screening are major challenges for prevention programs. For these authors, cancer control efforts are local and require locally relevant information to assess needs. This observation could be consistent with any impact analysis of socio-cultural determinants of participation in the CRCSP in the district-93 which is probably the most cosmopolitan French district and therefore the most comparable to some American areas in term of socio-cultural diversity. Promotion actions at national level such as awareness campaigns on the risks of colorectal cancer, local actions on the promotion of the new screening test and the invitation/recall letter are currently the only available tools to offer the CRCSP in this cosmopolitan population. However, studies report that printed materials with health messages are likely to be insufficient to overcome behavioral barriers in cancer screening [32] . In addition to e-mail invitation, a specific telephone message should be tested as it has been proven to increase motivation for post-screening colonoscopy [33] . This form of invitation/recall could reduce the difference in participation rates between people who change their residence and those who remained at the same address between two campaigns.
These movements between two campaigns likely influenced the high proportion of NLAI and lost to follow-up in this cohort. A strategy of involving local associations in the redistribution of undistributed invitation letters should also be considered to decrease NLAI. Similarly, e-mail contact, already experienced elsewhere [34] should be considered because the NLAI and lost to follow-up are often the consequence of the low inaccessibility of certain residential areas in the district.
This study has inherent deficiencies that are common to all follow-up and incidence studies. The observed incidences should be considered with caution because of logistical difficulties compromising the comprehensiveness of the collection of data on detected lesions and also because of lost to follow-up. Indeed, many people who had a positive test who were reported as unexplored by a colonoscopy at the time of the study have an unknown status.
concluSIon
Although it is still below the minimum acceptable European target of 45%, the participation rate has increased between the last gFOBTcampaign and the first FIT campaign in this cohort, justifying the acceptance of the new test by individuals and their GPs. To support this gain in terms of participation, the continuation of promotional actions to facilitate the introduction of the new test seems very necessary. In the population of Seine-Saint-Denis, which is probably the most cosmopolitan in France, these promotion actions should aim, first and foremost, to change people's behavior and attitude towards health prevention programs, notably the CRCSP.
A progressive decline in the incidence of lesions was observed between the initial and the fourth gFOBT-campaign. A rebound in incidences was observed, justifying the major impact of the screening test change between the fourth and fifth campaigns. This screening test change did not affect the predominance of tubulovillous components among the High-Risk-Polyps detected, but it allowed to increase the proportion of TIS.
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